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Antenna Feedhorn Software Upgrade

P, D. Potter .

Radio Frequency and MicrowaveSubsystem Section

The II )“lll(lDilORi\’ SYVIIPIIw prt)gram was dcIvl(Ipctl h 197.2 to set-w as att ifcttf IV“

.wcrd Imp m’ antcwa Ji’cdhi w Asi.w am] atta!l’sis S(~Jlware. and has IXotw II !ili:cd
mtcmiw!v sitm that time fi w this pwmw. The 197.JJi wntdatif w c’(w tait!s rsSIHUIIJhtn’

angle apprositttath VI )~’lliclt is wbjcct If) qfwsti(w .ti v dcsi.ctfssttch as fhc h ‘illiwns S. ad

,V+uml ji’cdh(w. A d<lifitvtal(v. the twigitwl Jimttdafi[w did II(PI uILmaa:ifftliflwl rwilrti< w

indices ftthcr thatt uttir.r. The II }“lM!li)llORIY pr( ).rraw Ims [mu rcccttttj- ltp,tm Id I(B
C(V’rt”(’tboth fPJ’ Ihc.fc dcJk’it”twics. Z[ Iwo large JhrtB UIIg/t’ Ji u’fftthti( VI has /XstvI J; IIIIIti

~t”ilich appears 10 itaw cscaiwd h’ attcttti( VI of ()Ihcrs. [II the upgrade, aii i IJ” III(’ t!rajt v

pr~ ~~rattl C/CIIICIItS itart, \WCtI swnwtcii to Lfnivac I 10.V cfjtlfpafildc srmctflr(d ii jrtrall

(.fiTR..ltV) fiv case of s,,J)warc tffaintcnatwc. Titis arricfc dm’rih’s rhe stmtfl atItf /’rcc,>

all,rk’ Ji mtdatiotts ami prc.wts some sawpk” tumcricd rcsdts.

1. Small Flare Angle Formulation

E,,,,,, = + E,,,,, ● J,,, (x) sin (m~)

()
E

i/,,,, ,, = - -+”4 ● ll:\L ,,,,, ● J,,, (s) C(N (t)r@
“o

i.’,,,,,,, = - jl; ,,1,,“ (f;) ●[3$]-~,r,,,,:,,,(~J+tl,~\L,,,,,]si,,[,tkt)
(1;1
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Eo,,, “ =-,E,,,,,* (+-).[+q ● pi,nn+llAL,n,,*F,,,(.d]w’(m)

“o)nn‘+’(%+(T9”[+”F+~”BAL,”’’(v)lc’’’(’”o)

where

[1J’ (x)
F-n, (s) = x ● *

P?l“

J,,, (s) = Ikscl function or Ihc first kind and ordu w

J,:, (s) = dcrivotivc of J,n (x) with rcspecl to x

h’ = free-spree propogrlion cotlstml

Z. = free-spwe Asractcristic impedance

,,,,, “2()
~2

(,,,, = I ‘— = normtilizcd propagation conslunl
~2

(-$)

TIIC msumd circutnfcrcntial

wrfxc. Thus. frw Eq. (Id),

grooves in the horn wrll require that the uimullul electric Ilcld components Iw Zcrf) tit the w:tll

q“.
BAL,n . ——

= ‘“z” Fn, (x,)
(5)

x, = K,nn*r*Ol (b)

BAL,,, ,, is thc IIIO& b:llonce: at the balance frcqllcncy it is + I for the rlornl~ll~-mcd //E,,l,, mmks und - I for [IIC E//,,,,,
modes. At IIIC Iurhwe frcqwncy, the horn wall presents inllnite Iongitudind rcwt;lnct (L’,,,,,, divided b~ //.,,,,, ) ;Iml rmli;![itm

pollcms rtwlt whidl Ixrvc esscnliully eqml E. and //-plmc pallerns.

Ily ctmsitlcr:ltitm of the boundary conditions, Iht durr3cleris!ic equution, whidl mdy [w solvd (or K,,,,,, is obt:linthl 3s:

()K,n “ 2
r; (X,)- m:B:,,,- y- “ F,,, (s,) ● s,,, (S;,x:) = o (7)
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where

[

q (x;) “ Y,,, (s:) - J,,, (s:) “ Y,;,(s;)
.s,” (x;, x:) = rw!i:d line aclrnitlancc function ~ .~j ●

Jn, (s;) “ Y,,, (x:) - J,n (s:) “ Y,,, (S; ~1 (s)

)’,” (X) =

}“,:, (x) =

s; =

x; =

GROOVE =

Iksscl function of the srmnd kind and order m

dcriwtivc of’ )’ ,,, with respect to.v

k*r*O1 ({))

.v; +L *GROOVE (lo)

groove tlcplh

An imp{wl:mt spcci~l mc of the above equations is 11131in which t!le@rt)Ov~ Ll~~tll O~~rl)~lCllCS ZCr(\, i.e.. the horn hOssnl\Null

wnlls. For [his wsc /1.4/.,,,,, eillwr npprowhcs a positive zcm, ml }/K,,,,, nwdcsbccomc Tlll,,t,, lllo(lcs. or/~."l /.,,,,, :ltltJr~~:l~ll~~J

ncgotivc inllnity :md ~//,,,,, modes become TE,,,,, modes. The smoo[h wrll case is thus c:]sily :IccL~tIIIIIt~Ll:I Ictl by lIIC :Ihw

cqmt iims.

The finol llcsircll t~tltplltsoftlle llYDl<lDllORN prograttl are tl}e E.ulltl }/.pltit~c l~t)ltir rti(li:llit~ll p:lttcrtls, Sivclltllc frcilllcllcy

of opcr:ttitm, horn gcometrictil pmn!ctcrs and mode excitation mplitm!cs ond ph:I$cs. By circular symnwry :Ind rcsulling

Wlmgon:ltily, the :tzinmllurl radiation p;ltlern dcpemlence is given by the sckclcd order, w, of the sillllst~itl;ll lct~silltlst)i(l:ll

wri:ltion.The ft)llo!}”illgstcpsare performed tocornputc [he radiation pat!crns:

(1) Giwn Ihc lhrmrt region llltx!c pll:lscs. tllcapcrltlre illlxlc pll;lscs aretlctcrlllitlcd l>ylllllltcric:ll slJltlti(\tl tJf[7);ltlJ,~itltsill

the horn Iltirc and nmcrkd intcgraliorr of ~,,,,. .

(2) Tllc:lpcrttlrc c:!pficlds arcdctcrllli!lcd fro!ll Eq. (lc)and Eq. (id).

(~) TIIc r:tdi:ltcd f:tr”llclds arc dttcrnlincd bY a nemtlcld sphcric:d wow expmion (S\VE) ohm the h~~rn wrtcs of IIIC
upcrlurccdp Ilclds(cxlcrnal ficldsmsmed me).

(4) Tllc S\\'l; llcldsarc llt>rll~alizcd anll\\lltisc.tr:ltlslotcdtl~aspccificdrcfcrcllcepoitltt~tltllcl]t}rll:!xis.

Equtilions (la-lt~ arc formal solutions to Alaxwell”s equations in cylindrical Coordin:ttcs with the 3ssmlL’d Jni$olropic will

bountlury condition: for this cylindrical solution. x is Ihc radiul coordinate tink’s K,,,,,. III 1963 Llld\t’ig (Rc[.4) sll(l\vtd tl\:lti(>r

J sphcrital gcon~c[ry such as the horn Ilrrc, Eqs. (la.lf) closcl,y approxinute the true Iickls i([hc rtidi~l cytindric~l coordin~tt is

rcplwcd by IIIC m length (SCCEq. (3). (6):IIMI (9)al>l>ve). Tllisapprl~xitllst i~)tl, t’ulill f(wsnull tl:lrcun~lcs such os [IIOSC lypic:llly

uliliml in :1 Chssqr:lin nntcnmr fccdllc~rll, t~’:isdisctlsscd in dctoil by N:lr:lsitllll:lll:lll{l Ibo(l<cf. 2). This :lill~r(~xit]l:l[i,~ll WIS IIA

in Ihc twi~in:ll 11}’II RI DIIORS f{Jrtlltl13titJtl(Rcf. l)atldll;ls sllolvrl good:lgrcclllctlt tl’itllcxj~critllcllt:ll d:Il:I I’(wsmoll (Icss 111:11120

dcyccs) Ilorc :tnglc horns. Onc of Ihc purposes of the II YBRIDIIORN upgr;ldt W:lS to provide the c:lp:~bilily ofoccurutc hryc !I:lrc

:Il]glcc:llctll:l!it}tls. This more rigorous formukrtion isdcscrilml in the f(}llott!ir]gscctilltl.

E =*”(VXII) (11;1)

tl=~” (vx E) (III))
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.

v“(/.r H)= o (Ilc)

V*(CE)=O (11,1)

Since divcrgcncc (curl) is identically zero, from Eq. (I lc) H my bc cxprcsscd us the curl of ~ vector (knm’n us IIW vc<[or

polcn[ivl). .AF:

()HE=l*
P

(v x AE) (12;1)

Eqtutirrg ( 11b) and (I 2J), and recognizing that curl (grwl) is idcntic;dly zero, the result is:

wll~rc ~,. js kno\wI 3s the scokrr poterstiol.

Sitnilnrly, using Eq. (1 1:1)and (1 Id),

E
()

I
I\ z-; ● (v x A,,)

}{,, = - V4,, -IQ ~,1 (IJIJ)

By combining 17q.( 12:1)and ( 12b) with ( 110). and Eq. (13n) and (1311)with (11 h). the two vcc[(w wrw cqwlions :Irc (~llt:lincd:

As p:trticulor solutions of (1-lo) and ( 14b), consider K - (TM) nnd // - (T}.”) wows:

I’r,m hp. ( 131) :Ind (I h) it is chr Ih;tl Eqs. (I S;1) M (1 513) mutt in w:tws with only tronsvtrw m;lgnclic ond Irotlsvcrw

clcclric Iiclds. rcspccliwly.
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Exprcssiug Eqs. ( 14:t) :tnd (! 4b) in sphrrksl coordin:ltts snd using ( I 6J) ;Ind ( lob). the t’ollowing sc:lltir w:wc cqu;lli~ms :irt

thluincd:

~’(+)+’2”(+)‘0

~’(+)“’”(+)‘0
Iqu:lt ions ( 174) and ( 17b) are retidily solved by the method of scpmrtiorr of vtiritblcs. For outwurd trtivc[itlg W;WM wil h [k p(d:lr

axis included in the region.

()A1{

[1

cm (nfo)(’) (~f) ● P; (~os ‘) “ sin ())/0)— = a,,, v ● IIV
r

/tE() ./1~2) (kr) ● P;: (cos 0) “
[1

sin (red)— = b,,, “
r cm (W$$)

(lsl, )

wlwrc a,,,,,, b,,,,, ore TM mi TE wove wnplitudcs

h:) (h) = the fr;lctionnl order, outward sphericul }Lsnkel function (Rcfs. 5 and 6)

/’:,” (cm o) = frtc[ionul degree associated Legcndre function of the first kind (Rcfs. 5. 7)

Equ:ttions (1 t3b), (1 h) ml (1 10) can be used to find the esprcssions for the TJlf ticld conlponenls, and Eqs. (l~u). (1 ~:1) :HId

(1 I b) can be used to obtain the TE field components. The resulting expressions, previously published by Ihrgnis and P:tpos

(Ref. 8) arc the appropriate cxprcssicms for the fields in an infinite, smooth waii conicai wavcguide. For anisotropic inlpcdwlcc

(volts, is in J hybridkle horn, hybrid

IIYRRIDI IORN fields are expressed m:

E,,,, ,, = +E mu ● Vn ● (Un

modes may be defined which are combinations of TM amJ 7% modus. Thus. tlw

h:) (h)
+1). ~ ● f’vm (COS0) ● sin (m$) (l%)



()E,n,,
f aP: (COS0) q’ (cm 0) /

11.,,,,, = - j -7- “
I
//j*) (b) ● 00 +/ B,\ L,,,,, +r ● : [rh::) (h)] “ —

“o
sin () ~ “ ‘11101,0) (,()()

Will) Ihc ;tssumcd circwulkrcntiul grooves. Ihc bomd~ry conditions ore:

E. =0 (20)
0=0,

110
= kwgitut!inal wII ahittwwe ~ Y,,, (kr)

~
0=0,

(21)

which rcsulls in,

illl(l

tl=l

TIIC Icclmiqttc of scpsroting vari:lblcs, which allowed expression of Eqs. (1 ?a) and ( 17b) as two SCIS01’ three to[:il diffcrcnti:ll

cquo[i{ws with solutiom as Eqs. (l&s) and (18 b), requires that Eqs. (22) snd (2.3) bc satistlcd for ;!11V:IIUCSof Ar in Ihc horn. TIw

splwric:d I hnkcl function h$z)(kr) and the radial dcriwtivc function, a/ar [rh~z)(kr)] ;Irc both conlplcx and boor u Uif(t ring w.

I:ltiomhip to c:wh other M a ~mwtion of L7. 1[ is thus clear thaI Eq. (22) cannot bc satisthl by a sinslc IIE,,,,, or E} I,,,,, mode. IMII

r~thcr a sumnlotion of modes must bc used, m shown. TIIC Iitcrtiture contains an exrcmivc discussion of [his problcm (Rcfs. ‘) :md

I 0). Chrly. some approximation must bc invoked to arrive at [he single mode charwveristic eqmrtion :ln~ltyolls lLJ [7) :Illd Illc

Ixlluncc c(mditiot] NIUIOSONS 10 (S). The approximations nppcaring in the litcr~ttlrc are both numcric;llly utljustilicd :111,1kid It)

cqmsliwls which cirnno[ bc directly comp:ircd 10 the smrtl Iksre angle formulation discwssuj in Ihc previous sccli(vl.

A nc~t solutiwl to the ubow Uilcmma is obtilined by using a rutlll derived by Ludwig (Ref. 4). Ludwig shvcd Ihot it’

llk’n

aa (b)

if
1=__L__ =

n] PI a (h)
(Cxlcl)

I(kr) ● hj2 ) (h) 12
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where

The nonnolizecl propagation constwtt ~mn differs significantly from unity for typicsl horn geometries, but the Arngc of ~,n,,
will] h is slow, leading to a small value for the error term, Fignrc 2 is a plot of (1 - ~nn), IERRORI and lERROR1/( I - s,,,,, )

for kr from I to 100 and v from I to 20. The approximation of retaining the nonunity value for ~n,,. hut nc~lcctin~ IIIC

error term, is seen IO be cxcellcnt; the rehtivc magnitudes of the error ml (1 - ~)n,, ) terms arc SNn to tihwy M VPr~~~im:ll~h’

I /(h). Ti]us, tile approximation is made that.

1
— ● 2 rh(2) (h)] ~ - j~mn ● hf2) (kr)
L-r &[” (x)

Combining Eq. (2S) with ([93) and ([9 b),

hj2) (b)
L’,,,,,, = +E,”n ● u“ ● (P,, + 1) ●

b
“ l’: (cm 0) ● sin (w~)

()

E h; (b)
//,,,,,, = - --# ● fsAL ●vn ●(vn + 1)mII “— “ f; (Cos0) “ Cos(w)

o kr

f’”m (m 0)
k’o,,,,, = - jEmn ● h~2)(h) ●

sin O “ [[.” “~m, (COS0) + m ● B,\Lm ,,] ● sin (@)

P’n (Cos 0)
Eo,,,,, = - ]E,n,, ● h~2) (h) ● “ sin ~ ● [w ● ~,,n + llAL,nn ● Fn, “ (m 0)] ● Cos (ttld)

()

E ~n’ (~o$ 0) ● ~,,, +T
flo,,l,, = +1 ~ ● h:?) (kr) ● “ ,,,,, ● BAL,,,,, ● F,,, “ (W 0)] ● NM (1)16)

o sin O

()

E r: (Coso)
11.,,,,, = - j ~ ● Itj:) (h) ● ● [~,, v(cos O) + M ● ~,,n ● BAL,nn ] . sin (@)

o sin O

F’n,v(m o) = ao
P“m (Cos o)

sin O

(29C)

(30)

81



... ...

w 2= r s :

It I ...



References

1. P. D. Potter, “EITicicnt Antenna Systems: A Ncw Computer l’rogr~m for !hc

Design itnd Antilysis of tligh.Perfornumce Conical Fcmlhorns.”’ J/’/. Tdwicd
Repw 32-f526, Vol. XIII, pp. 92-107, Jet Propulsion Laborutury. PJsudcnu. Culif..

February 15, 1973.

* hl. S. Narosimhan and B. V. ROO, “Ilybrid hlodes in Corrugti!ed Cuniul llorn$.””-.

L7ccrronk Letters, Vol. 6, No. 2, pp. 32-34, Jan. 22, 1970.

3. p. J. u. Clurricoo[s and P. K. Sdur, “Prop~gatiw_r and Rwliution Uclwrior of C~v-

ru~~ted Feeds - Pm 1: Corrugated Wuvcguide Feed.’” hfw.fl~E(llrilisll),Vi>l. I IS.

No. 9, pp. 1167-1176,Scpt. 1971.

4. A. Ludwig, “Ant cnna$ for Space Communications: An!enn~ Feed Research .“” in

&@porting Research and Advancd Dcrehpmwt. Spwc Progrwns Sumnury 37-22.

Vol. IV, pp. 18.I-189, Jet Propulsion htboratory. Puwdcnu. Culil’., Aug. 31. l’M3.

S. J. A. Stratton, E/cctrcmagnet/c Thcqv. Chapter 7. hlcGrmv4 till Duok Compony.

Inc., Ncw York. 1941.

6. Ham/bOOk Of Afathentafical FwctiOns. Chaplcr I O, Klitton Abr~nwwitz tincl Irene /\.

Stcgun, Eds., National Bureau of Standards. GPO. \Vashington. D. C,. June. 1964.

7. Ibid., Cluiptcr 8.

& F. E, Ilorgnis and C, Il. Papos, “Elcctronl~gnclic Wtivcguidcs.”’ in S. ~lugsc. lkrllil”

buch dcr Physik, Vol. XVI, pp. 352-358. Springer.Vcrl~g. Berlin. 195S.

9. P. J. Lt. Clarricoats and P. K. Suha. “Progugation and RJdi~tion Mtivior of Corru.

gotcd Feeds - Purt 2: CorrugJtcd.Conical .tlorrl Fetal.”” hc. /E/; (British), Vol. 11 S.

No.9. pp. 1177 -11 S6, Sept, 1971.

10. M, E. J. Jcukcn and C, \V. Lambrechtsc, ‘“small Corrugotcd Conical.llorn ,.\ttIcnnd

with \Vidc Flare Angle.’” Elccrrmir Lcrtcrs, Vol. S. pp. 4S9490, October 2, 1969.

83



Table 1. HE,, mode flaro ●nglo eomparlsons~

3,, DALI I F“,(U , ), Fn,”(ca o I )
IICCWIp;tllcrn

14*IC
’11

Angle

wrof rcl.tliir
(Aperture CUP) (Aperture cap) (Aperture cap) (,\ptrwre twp) 1,1I c~cndrcJ!

fkswl Lcgcndre BCMCI Legcndrc DM.wI Legendrc DMwl Ltycndrc -lo Jll I,$WI,till
,_ —.. ——. .. .—.

20° .99969 ,99969 1.06386 1.06347 -.93969 -.94003 .11102 ,11191 (1,I

40” .99973 .99971 1.0s999 1.0s848 -.9431s -.94448 .10439 .1074s ().3

60” .99978 .9997s 1.0S386 1.0S072 -.94S69 -.9s149 J393g3 .10024 (),7

70” .99981 .99977 1.05008 1.0460? -,95:13 -.9$s79 .08734 .(39$$9 I .0
—.—....-

al~rcqmvwy= 8.4 IS GIIz
ApcrItIre diometcr = 106.68 cm (42 in.)
Groove depth = S.0927 cm (2.005 in.)

fOUIPMASE

INWT
WAVEGUIOE

hODE
GfNERATOR

IXLINDRICAL SECTION CA?
PHASINGSECTION

Fig. 1.Horn goornotry

kr

Fig. 2. Lsrgo flare ●ngle spproalmstlon ●rrors
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